The relationship between tendon pain and pathology is not straightforward; asymptomatic abnormalities on gray scale ultrasound are common, affecting up to 29% of Achilles tendons. 9 Doppler ultrasound allows visualisation of vascular structures within the tendon that may have diagnostic utility. Doppler signal has been associated with pain in several studies 3, 14, 15, 17, 18 and some studies show a stronger relationship with pain than gray scale ultrasound abnormality alone. 15, 8 Other studies, however, show no relationship between Doppler signal 8, 23 and pain, and some studies have identified Doppler signal in both normal and asymptomatic tendons. 5 This discrepancy may be explained by several factors that may influence Doppler signal detection.
These include the stage of disease, cohort investigated (e.g. age, loading history), the ultrasound machine sensitivity and settings, the measurement technique (e.g. probe pressure, joint position), and activity level prior to testing 5, 7, 8, 15, 17, 23 .
There has been limited work concerning the effect of exercise on Doppler signal. Doppler signal has been shown to increase among pathological tendons after volleyball (patellar tendon) 7 and eccentric training (Achilles tendon) 23 . This is clinically relevant as activity prior to imaging may reduce false negatives in identifying Doppler signal. However, asymptomatic tendons may also increase or develop Doppler signal after running 23 or badminton 6 so loading tendons prior to imaging may reveal normal and asymptomatic tendons with Doppler signal (false positives). The relationship between activity and change in Doppler signal needs to be clarified as this may effect interpretation of imaging and imaging protocols. The primary objective of this study was to determine the Doppler signal response following two short duration bouts of activity involving calf loading and cardiovascular stress. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Patients with Achilles tendinopathy were recruited if they were between 18-65 years old and had a clinical and ultrasound diagnosis (abnormal gray scale) of mid-portion Achilles tendinopathy.
Method
Controls were recruited if they were between 18-65 years old and did not have a history of Achilles tendinopathy. Participants were excluded if they had a history of Achilles tendon rupture, surgery, injections or direct trauma. Patients with insertional tendinopathy or co-existing inflammatory arthropathies or lower limb radiculopathy were also excluded.
Participants completed a questionnaire collecting demographic data (age, gender, height, weight, type of activity/sport played currently or before tendinopathy and hours played per week) and a visual analogue scale (VAS) score assessing rest and activity pain in the Achilles tendon over the previous two weeks (0=no pain, 10=worst imaginable). Pain and function was assessed with a disease specific and validated outcome (Victorian Institute of Sport Assessment-Achilles questionnaire; VISA-A).
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Activity tasks
Each patient performed two activity tasks in a counterbalanced order. Prior to the first activity task all patients rested for a minimum of 30 minutes. Half the subjects did one exercise first, and the other half did the alternative exercise first. One task was designed to load the calf muscle and involved 60 seconds of continuous ankle double-legged straight-knee calf raises over the minutes between activity tasks. Pilot testing suggested that this was sufficient to allow recovery of heart rate and change in Doppler signal so ultrasound was not repeated prior to the second activity task.
Outcomes
Doppler ultrasound was measured prior to any activity (after a minimum 30 minute rest) and immediately after each activity task ( Figure 1 ). Each activity was performed in the ultrasound scanning room and Doppler ultrasound was assessed within a minute of the completion of activity tasks. Heart rate (HR) was assessed throughout the study using a HR monitor that subjects wore around their chest (Polar F11, Polar Electro, Kempele, Finland). Heart rate was recorded before and after each activity task. Pressure on the tendon from the probe was minimized to prevent vessel compression.
Intratendinous Doppler signal was measured in the sagittal plane and anteroposterior (AP) tendon diameter (mm) was measured in the sagittal and transverse planes. Only intratendinous Doppler signal was measured as this has been associated with tendon pain. 14,7 Doppler 
Data analysis
SPSS version 18 was used to explore and analyse data. Symptomatic and asymptomatic tendons were separated for all analyses. Non-parametric tests were used given the small sample size and non-normal distributions. Change in heart rate and the quantity of Doppler signal (Modified Ohberg and pixel number) pre-and post each activity task was investigated using the Wilcoxin's matched pairs signed rank test. Statistical significance was defined as a p value of 0.05 or less.
Results
Thirteen subjects participated in the study. There were ten symptomatic tendons among seven patients (6 men, 1 woman) with a mean duration of symptoms of 12 months (range 3-24 months). VISA-A scores, activity VAS, and rest VAS produced medians of 62 (IQR=59-72), 6
(IQR=4-6) and 3 (IQR=2-4), respectively. There were twelve asymptomatic tendons among six participants (6 men, 0 women). Demographic data are presented in Table 1 . Asymptomatic participants were significantly younger than symptomatic participants (p<0.01). There were no other differences between the groups. The median AP tendon diameter was significantly greater There was a significant increase in heart rate between baseline (median=68 bpm, IQR=61-84)
immediately after both the calf raise (median=89 bpm, IQR=84-98, p=<0.01) and stepping activity tasks (median=140 bpm, IQR=136-161, p=<0.01). Heart rate was significantly greater following the step compared with the calf raise test (p=<0.01).
There was no Doppler signal identified among asymptomatic tendons before or after activity, therefore only data for symptomatic tendons will be presented. The modified Ohberg score decreased significantly between baseline (median=3, IQR=1-3) and following both the calf raise (median=1, IQR=0.5-2.5, p=0.01, Figure 1 ) and stepping activity tasks (median=1, IQR=0-2, p=0.02, Figure 2 ). Doppler signal resolved in three tendons after the stepping task ( Figure 1) and in two tendons after the calf raise task (Figure 2 ). Baseline pixel number (median=3416, IQR=1048-11766) decreased significantly following both the calf raise (median=886, IQR=323-3568, p<0.01) and stepping activity tasks (median=886, IQR=0-2208, p<0.01) (Figure 3 ). There was no significant difference between the modified Ohberg scores or pixel number after each activity task (modified Ohberg, p=0.26; pixel number, p=0.56). An example of Doppler signal resolving (grade 1 to grade 0) among one symptomatic participant is shown in Figure 4 . 
Discussion
The primary objective of this study was to investigate the immediate effect of activity on Doppler signal among symptomatic and asymptomatic tendons. At rest, we found Doppler signal present in 9 of the 10 (90%) symptomatic tendons, and no signal registered in any of the control tendons. In the symptomatic tendons, there was a significant decrease in Doppler signal (pixel number and modified Ohberg score) immediately after performing the calf raise and stepping activity tasks. There was complete resolution in Doppler signal in three tendons after the stepping task ( Figure 1 ) and two tendons after the calf raise task (Figure 2 ). Heart rate increased after both activities, more so after the stepping task that was designed to offer greater challenge to the cardiovascular system. These findings suggest that short-term activity that loads the calfAchilles musculotendinous unit and increases heart rate immediately prior to ultrasound imaging may reduce or even lead to resolution of Doppler signal among some tendons. This potentially increases false negatives in detecting Doppler signal, which has been associated with pain among pathological tendons 3, 11, 14, 15, 17 . Although these findings need to be confirmed, it appears that rest from activity immediately prior to loading may be beneficial in detecting Doppler signal in pathological Achilles tendons. Rest from activity prior imaging may also reduce the risk of 6, 7 More prolonged activity may be required to cause an increase in Doppler signal. Both activities in the current study did lead to an increase in heart rate (although modest after the calf raise task), but this may not been prolonged enough to lead to increase in Doppler signal.
The decrease in Doppler signal was in contrast to the expected increase in muscle and tendon blood flow increases with exercise, 22, 10 . However, it is known that there is a hypoxic environment in muscle at the onset of exercise and this provides the stimulus for vasodilation and increase in blood flow 19 . Exercising time in this study (60 -120 sec) may not have been sufficient to induce the sufficient cardiovascular response and vasodilatation to increase muscle and tendon blood flow. Indeed, the cardiovascular response after the calf raise task was modest. Further, 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 , and hypoxia increases angiogenesis related growth factors in rat tenocytes. 16 It is possible that there is a prolonged hypoxic response among exercising pathological tendons that may be one of the drivers for neovascularisation in tendon pathology.
Although there was a greater increase in heart rate after the stepping task, this does not clarify the relationship between change in heart rate and Doppler signal as there was no difference in the change in Doppler signal following either task. Further, both tasks stressed the cardiovascular system and loaded the calf muscle, even though heart rate response was modest with the calf raise task. The small sample size precluded investigation of the association between change in Doppler signal and change in heart rate. Whether calf loading or cardiovascular stress has a greater influence on Doppler signal is worthy of further investigation as this may influence Doppler imaging protocols.
This is a small study with some limitations. We did not re-scan people after the first activity task to ensure that Doppler signal returned to baseline levels. Even though we had pilot data to suggest that the time period of rest was sufficient for Doppler flow to return baseline, it is possible that among some participants it did not. In order to make sure that one activity was not causing a systematic decrease in Doppler signal we counterbalanced the order of activity tasks, with half of the participants performing one activity first while the others performing the other activity. Furthermore, resolution in Doppler signal (modified Ohberg score = 0) occurred in different participants after each activity task, suggesting no systemic effect of one activity task on another. Reliability and validity of the Modified Ohberg scale has not been established although it did change concurrently with the pixel number in the current study. Other limitations include the fact that controls were significantly younger than patients with Achilles tendinopathy, and this 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
